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1.0 INTRODUCTION
Overview of the Issue

Dioxinsare adass of chemicdsthat are of potentia human hedth concern because they may
pose an increased risk of cancer and other adverse hedlth effects a very low exposurelevds. Asa
consaquence, regulaory agendes often need to evaduate potentia risks from dioxins a gtes of regulatory
concern, egpedidly Stesinvalved in the manufacture of certain chlorinated pesticides and other
chemicds

However, the occurrence of dioxinsin Ste soilsis not dways evidence of aSte-pedific rdease,
snce dioxins can be formed and rdeased to the environment from multiple sources. Higtoricdly, the
largest source has been amaospheric depogtion resulting from incineration of medica and municipd
organic wadtes which have high contents of chlorine (EPA 19943). In addition, dioxins can be formed
from the combudtion of many other types of organic precursors such as coa and wood, So dioxins can
a0 be rdeasad from power plants, wood burning furneces, forest fires, etc. (EPA 1998D).

Because of these multiple potentid sources of dioxin rdease to the environment, it is often
difficult to know whether dioxin levels obsarved in ol a aparticular location are tributable to some
spedific locd “point” source (eg., chemicd manufacturing, releases from an onkSte incineraor, €c.), or
whether the leves represent typicd “ambient” or ubiquitous concentrations due to other areaor non-
point sources. Therefore, information on typica ranges of dioxin levdsin ambient soilsis needed to
stattificaly evauate whether particular Stes of regulatory concarn are contaminated with dioxins
atributable to some Ste-specific source and rdease pathway.

Asdiscussed in greeter detail beow, some sudies have messured typicd ambient levels of
dioxinsin sail, but the datafrom these sudies are vary limited and are of uncertain quaity and rdevance.
Consequently, the current sudy was planned and performed in order to obtain datathat are suitable for
supporting comparisons of dioxin leves & adte of concarn with levels observed in the generd
environmen.

Definition of Dioxins

2,3,7,8-Tetrachlorodibenzodioxin (TCDD) isthe mogt potent of agroup of rdaed chemicas
that indlude other congeners of dioxins, furans, and polychlorinated biphenyls (PCBs). For the purposes
of thisreport, theterm “dioxins’ ismeant to refer to the set of 17 dioxins and furans and the st of 12
PCBsthat bind to the aryl hydrocarbon (Ah) receptor and possesstoxic characterigics Smilar to those
of TCDD. Theeso-cdled“Ah-agonids’ arelided in Table 1.
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Noat dl dioxin congeners are equily toxic. The rdativetoxicity of acongener, compared to thet
of TCDD, isexpresed in terms of the Toxidty Equivaency Factor (TEF). Table 1 lists consensus TEF
vauesfor mammads (induding humans), birds and fish. These TEF vaues were deveoped by a pand
of experts assambled by the World Hedth Organization (Van den Berg & d. 1998). Notethat TEFs
are often basad on limited data, and so they are only goproximations of the rdive toxicity of eech
congener, rounded to the nearest hdf order of magnitude.

Calculation of TCDD-Equivalentsin Soil

The aggregate toxidty of amixture of different dioxinsin an exposure medium (sail, food web
items etc.) isacomplex function of 8 concentrations of each congener in medig, b) dally intake of the
medium, ¢) asorption of each congener from that medium, and d) congener-goedific TEF vadues
However, for purposes of screening-leve evauaions of dioxin concentraionsin soil samples itis
usualy mogt convenient to caculate the concentration of TCDD-Equivaents (TEQ) presant in the sail,
asfdlows

i=29

TEQ=Sum (G { TER)

This goproach dlows a.comparison of different soilsin terms of asngle vaue that is proportiond to
toxicity (the TEQ for the sample), rather than having to compare up to 29 different concentration values.
For the purposes of this report, the TEQ vaues are based on the TEFs for mammal's (humans).

Review of Existing Data on Ambient TEQ Levels

Daaontypicd dioxin levdsin ambient soil arelimited. In the United States, asummeary of TEQ
leves (only from measuring some or dl of the 17 dioxin and furan congeners, but not dioxin-like PCBs)
a 95 sample locations yielded an esimated meean of 8.0 ppt and a tandard deviation of 5.7 ppt
(USEPA 199%43). Assuming thet the digtribution of dioxin (TEQ) vaduesin soil islikey to be represented
by alognormd digtribution, then these data Suggest thet mogt (gpproximately 90%) vaues are likely to
lieintherange of 2 - 20 ppt. Reports from other Stes such as Times Beach, Mo (that focused mostly
on TCDD), of indnerator plumesin Ohio, and of recent sudies on soilsin dates that induded
Missssppi, Minnesota, and Washington, plusloca EPA Region 8 hazardous wadte Stes, dl indicated
thet background surface soils gppear to have TEQ levesfor dioxins and furansin the low ppt range,
gpanning perhgpstwo orders of magnitude. These results are summarized in Figure 1.

In consdering these data, it isimportant to recognize that anumber of factors may limit the
accuracy and rdevance of the data, induding the following:

1 Much information is from older gudies performed 5 to 20 years ago. Because dioxin emisson
rates have been decreasing over time, older dataare inherently less rdlevant and less gpplicable
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than current data,

2. In the pagt (and even in some current udies), Method Quantitation Limits (MQLS) were often
higher than background levesin sail, which prevents rdiable quantitation of true background
levels. In some cases MQLswere not even reported or defined.

3. In some dudies only partid setsof the 17 dioxin/furan Ah-agonist congeners were meesured.
In these cases, the true TEQ (the sum of the 29 Ahragonigslised in Table 1) islikely to be
underestimated.

4, The TEFsthat are currently recommended to cdculate the TEQ levd in sl (see Teble 1) differ
from those used in the padt, S0 older gudiesin which only the TEQ was reported are difficult to
directly compare and interpret.

5. Mot previous sudies did not gtratify messured vaues according to land-use. Thus if there are
ggnificant differences between land-use categories, such non-draified Sudies are difficult to use
for background assessments

6. Variaions occurred in the depth of soil samples collected. Because dioxin leves arelikely to be
higher in surface soil then subsurface soil, sudies conducted using different soil depths are
difficult to accuratdly compare.

7. Mo soil collections were goparently measured in “bulk” (non-Seved, larger particulate) sol
samples However, both humans and animas are bdieved to be exposed manly to thefine
fraction (less than 250 Fm maximum diameter) of ol partides If dioxin levds are higher inthe
finefraction, older “bulk” data may underestimate actud exposure leves

8. Quadity control datawere nat reported in dl sudies, making it difficult to judge the accuracy and
precison of the data

Purpose of This Sudy

Because of the multiple potential sources of dioxin rdesse to the environment, and because of
the limitationsin the existing database on dioxin levdsin ambient soils, this project was planned and
performed to char acterize existing dioxin concentrationsin surface soils from multiple locations
and multiple land use categoriesin the Denver front range area.

The data collected during this study will be used by EPA  risk assessors and risk manegersto
help determine whether the concentration of dioxinsin surface soilsa CERCLA gtes, RCRA gtes, ad
other Stesof potentid regulatory concern, are higher than thase which occur in Smilar lands thet are not
known to be impacted by any pedific point sources of dioxin rdesses. If the soil concentration for
dioxin a one or more Stesis higher than the gopropriate reference leve , then risk assessors and risk
managers will need to evauateif dioxin should be consdered to be achemicd of potentid concern to
ether humans or ecologicd receptors, and to make informed decisons about how to protect people and
the environment a these gtes

Denver Front Rangewpd 3



20 METHODS

A dealed description of the rationale, methods, and Standard Operating Procedures (SOPS)
used in thisstudy are provided in the Prgject Flan for the sudy (USEPA 1999¢). A summary of key
dements of the sudy design and of the methods employed is presented beow.

21 Sol Sampling
Sudy Area

The area sdected for invedtigation in this project encompasses the Denver front range area, as
defined by asquare that is goproximeately 30 miles on asde, centered gpproximatdy on Denver,
Colorado. This area encompasses goproximeately 1,000 square miles, and indudes awide varigty of
different land uses.

Property Ownership

All s0il sampling locationsin this sudy were on governmentd (public) lands, induding properties
controlled by Federd, State, or County agencies.

Spatial and Land-Use Representativeness

In order to be generdly useful, the data sat of ambient soil concentration vauesin Denver area
soils mugt be represantative of the range of conditions which exig within the Sudy areas That is samples
from only one areamight nat be representative ether of thetypicd levd or of the range of vaiahility
obsarved over thefull sudy arear Likewise, samples collected from only one type of land use might not
be representative, Snce some land uses might tend to have higher or lower levels of dioxinsthen others
For the purpose of this sudy, five different types of land use categories were consdered, as defined
below:

Residentid - Land thet iswithin 200 feet and adjacent to resdentid devdopment, but which is
not within privateyards. This may indude public parks, neighborhood greenbdtsand tralls and
dreat medians. Schools and playgrounds are not incdluded in this category.

Agriculturd - Land that isnow, or has been within the past 40-50 years tilled and used for crop
production.

Open space - Land thet is greeter than 20 acresin areathat has not been developed or
improved and thet is essantidly inits neturd Sate with the exception of minor changes such as
hiking trails or dirt access roads; this category may indude some lands used for grazing of
livestock.
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Commerdd - Land thet is developed and used for commercid purposes, such as shopping
centers, restaurants, office buildings, post offices, etc.

Indudrid - Land that is used for manufacturing, refining, warehousing, or trangportation
purposes (e.g., garages, ralroads, €tc.).

Asdiscussed in the Project Plan (USEPA 1999¢), the god was to callect gpproximatdy 30 samples
from each of thesefive different land uses, for atotd of 150 samples The actua number of samples
collected was asfollows

Land Use Target Actual
Agricultural 30 27
Commercial 30 30
Industrial 30 31
Open Space 30 37
Residential 30 40
Total 150 165

Figure 2 isamap which shows the sampling locations and the land use & each location. Asseen, the
samples are wdl-didributed across the udy area, helping to ensure that the deta are fully
representative.

Sampling Depth

Because dioxins nearly dways bind tightly to sall, it is expected thet any dioxin contaminaion in
s0il that has occurred chiefly as reult of amaospheric deposition and/or goplication of herbicides will be
regtricted to the surface. Thus, surface sail isthe exposure medium of chief concern for bath human and
ecologicd receptors. Therefore, dl soil samples callected for this sudy were grab samples collected a
0-2 inchesin depth.

Soil Types

Soil samples were collected a each designated sampling station without regard to the soil type a
thet gation. However, because dioxin leves could tend to vary as afunction of soil type, fidd
observations on the nature of the sample (color, texture, etc.) were recorded, and the totd organic
carbon levd of the sample was meesured.
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Temporal Bounds

Soil sampleswere not collected from locations that were known to have been covered with fill
or used for borrow materid within the last 10 years, Snce the dioxin content of such recently disturbed
areas might not be representative of surrounding undisturbed background arees.

Sample Collection and Sorage

Sampleswere callected usng adanless ged trowd. A ruler was usad to ensure thet the actud
depth to which soil was collected was within %2 inch of the target (1.e, abottom depth of no lessthen 1.5
inches and no greeter than 2.5 inches). The soil was placed directly into adean 16-0z amber glassjar
with ateflon-lined lid, and these bottles were sored a room temperature in the dark.

2.2  SamplePreparation

All samples callected in the fidd were submitted under chain-of-custody to Columbia Andytica
Savices (CAYS) for sample preparation. Each sample was air dried to condant weight, followed by
coarse-5eving through a#10 (2 mm) dainless sed streen. The fraction passing the screenisreferred to
asthe“bulk” fraction. Approximatdy 100 g of the bulk sample was placed in adean amber glassjar
and stored for future used. The remainder of the bulk sample was further Seved through a60-mesh
(250 um) devein order to isolate ol partideslessthan 250 um in diameter. Thisfraction (referred to
asthe“fing’ fraction) wasisolated because it is bdieved that fine soil partides are more likely to be
ingested by hand to mouth contact that coarse partides, and henceit is conduded thet thissail fractionis
the mogt rdevant for evauating human hedthrisk. All of the fine materid passng the 250 um Seve was
placed in adean amber glass battle for andyss and Sorage.

23  SampleAnalyss

Fallowing sample preparation as described above, samples were submitted under chain of
cugtody to Midwest Research Indtitute (MRI) for chemicd andyds Andysisof dioxinsin soil samples
requires a sophidticated extraction and dlean-up procedure. This procedure is detalled in USEPA
(1999¢) Standard Operating Procedure 11. In brief, the congeners are determined using isotope
dilution method via high resolution gas chromatography/meass spectrometry (HRGC/HRMS). Samples
arefortified with **C-labded PCDD/PCDF/PCB isomers and extracted with an organic solvent. Before
deanup of the extract, the andytes are exchanged into hexane and fortified with *’Cl-labded 2,3,7,8-
tetrachlorodibenzo-p-dioxin. Fndly, the extract is sequentidly partitioned against concentrated acid and
base solutions

The Method Detection Limit (MDL) for dioxingfurans by this andytical method is defined asa
sgnd that is2.5 timesthe average Sgnd noise. An estimate of the average Sgnd noiseisavaladefor
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eech andyte in eech samples S0 the MDL varies from sample to sample and from andyte to andyte.
The Method Quantitation Limit (MQL) is basad on the lowest cdibration standard used and is defined
asadgnd tha is 10timesthe average 9gnd noise. Because the noise levd variesfrom sampleto
sample and andyte to andyte, DLsand QLsdso vary from sample to sample and from congener to
congener. All congenersthat yidded Sgnds that were beow the sample-gpecific detection limit for thet
congener (Sgnd/noiseraio < 2.5) were evduaed by assuming a concentration vaue equd to 2 the
Oetection limit for that congener.

24  Quality Asurance

A number of Seps were taken to obtain detathet would alow an assessment of the accuracy
and rdiahility of the data collected. Key dements of the Qudity Assurance program are summearized
beow.

Performance Evaudion Samples

Performance Evduation (PE) samples are samples of soil thet contain know quantities of andyte
and that are submitted blind to the andlyticd |aboratory. In thissudy, three different PE samples were
usad. These were obtained from EPA’s Qudity Assurance Technicd Support (QATS) laboratory .
Nomind vaues (ppt as TEQ in bulk soil, based on PCDD/PCDF congeners only) are liged below:

Description Nominal Value
(ppt TEQ in bulk soil)

Native western soil <2

Low standard 35

Medium standard 59

Onediquot of each these three QATS PE samples was submitted to the laboratory dong with each set
of 14 fidd samples In some cases the sample was submitted un-geved (bulk), and in other casesthe
sampleswas Seved, and only the fine fraction was andyzed.

Fdd Slits and Duplicates

A fidd duplicate is a second sample of soil collected a the same location as the fird sample was
collected, by dternating scoops of soil that was placed into the samplejar and into the duplicate jar. A
sample salit isagpecimen thet is generated by dividing asnglefidd sampleinto two parts; inthiscase, a
ssoond diquat from four total diquots of Seved soil was submitted from the EPA archiving laboratory in
Golden, CO, to the andyticd laboratory. Both fidd duplicate and laboratory split ssmples were given
unique and random identifying labels, 30 asto be blind to the laboratory andyss. Andyssof these
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types of samples provided data on the variability within and between rdated samples. One sample of
eech type was submitted to the laboratory with each st of about 14 fidd samples.

L aboratory Qudity Control Samples

Laboraory QA samples are samples prepared and run by the [aboratory in anon-blind fashion
to monitor the performance of the andytica method. Laboratory QA samplesinduded M ethod
Blanks (andyte-free s0il), L aboratory Control Samples (amilar to PE samples, but the identity and
true concentration are known to the laboratory), and M ethod Duplicates (investigative samples thet
are it prior to sample preparaion a the andytica laboretory).

Data Validation/Verification

All datafrom MRI were subjected to adata verification check thet was performed by Rocky
Mountain Arsend (RMA) contractors (see SOP 12 in the Prgject Plan). No sgnificant problems were
Oetected in this verification check.

Following veificaion, al deta vaues were reviewed by EPA to assgn data usahility flags
Table 2 summarizes the data qudity flags codes thet were used, dong with a description of the effect of
the flag on the data usahility assessment. In accord with USEPA (1992) data usahility guiddines (Data
Usdhility for Risk Assessment in Superfund), these flags are used for producing two data sets

1) a sami-quantitative set of reults with avaue (ectud or proxy as per above flags) for each
congener; thisreault isrefarred to in this report asthe “Full” TEQ vdue

2) a quartitative data st with more cartain quantitative vaues (actud or proxy as per aoove
flags) for only the congenersthat have no disqudifying flags (D, N, Rand LT); thisresult is
referred to in thisreport asthe “Quantitative” TEQ vdue
Thisdiginction is made to hdp evduate the effects of estimated vaues on TEQs and to evauate profiles.
30 RESULTS
Detalled andyticd resultsfor each fidd sample are presanted in Appendix A1, and detalled
results for eech QA sample run as part of thisudy are presented in Appendix A2. Grgphica
representations are presented in Appendix B. The results are summarized below.
31 TEQVaues

Of the 165 fidd samples callected during this Sudy, sufficdent sample masswas avalaleto seve
and andyze the fine fraction for 162 samples. The full TEQ resultsfor these 162 samplesare shown in

Denver Front Rangewpd 8



Table3 (Pand A). Thevduesfor the three other samples (bulk andlyss only) are shown in the foatnote
to Pand A. Magps showing the spatid pattern of dl 165 results (fine and bulk) are presented in
Appendix C.

As s, thereis afarly wide range of full TEQ vaues obsarved in Denver areasails (fine
fraction), from aminimum of lessthan 0.1 ppt TEQ up to amaximum of 155 ppt TEQ. The digributions
of vauestendsto beright skewed, and al but the resdentid data st may be reasonably approximeated
by lognormd probability dengty functions

([I) r?—tter‘a?lg‘tormed) K-S Distance i Ap%)?gg?{lgia:)n ?
Agricultural 0.125 0.329 Yes
Commercial 0.084 0.778 Yes
Industrial 0.069 0.868 Yes
Open Space 0.124 0.172 Yes
Residentia 0.167 0.013 No

Viaud ingoection of the raw data (Appendix A) suggest thet two data points (the maximum vaue
for the commercid and the resdentid data sets) might be outliers: Thiswas confirmed by asmple
outlier test (based on the mean plus 2.5 gandard deviation of the log-transformed vaues), which
indicated thet these two data points were very unlikely to drawn from the same digtribution asthe
reminder of the pointsin each group. The bagsfor these two outliersis not known, but might be dueto
the presence of some spedific (but unknown) point source a these two sampling locations. Based onthe
condudon that these two samples are not representative of ther repective land uses, they were
exduded from further andysis. Thelower pand of Table 3 shows the summary saigtics after exduson
of these two points

Figure 3isagrgphica representation of the didributions (after the outliers have been exduded).
Asseen, whiledl of the values are rdativey low, samples collected on lands that were ranked as
agriculturd or open gpace tended to have vaues somewhat lower than those from commeraid or
indudrid arees. The didtribution for resdentid samplesis generdly smilar to thet for commerad
propaties. Ininterpreting thisfinding, it isimportant to remember that none of the “resdentid” sampling
locations are actudly on private resdentid properties, but rather dl are on governmentd properties
located in or near resdentid neighborhoods. 1N some cases, the current land useis more Smilar to light
commerdid/indugrid than resdentid (eg., pump daions, park-and-ride gations). 1n addition, because
afull land use higory isnat avalable for mog of these proparties it is possble that some of these
governmenta properties may have been usad in the padt for activities thet tended to increase dioxin
levds dightly.
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32 Contribution of PCBs

The TEQ vaues presented in Table 3 are based on the sum of TEQ vdues across 17
dioxinfuran congenars. As noted above, some PCBs dso posses dioxinHike activity and may
contribute to the levdls of TEQ in soil. Summary daigtics (averaged acrossland use) are presented
beow:

Full TEQ (ppf) %
|Land Use DIF | PCB | Tod | PCBs
Agricdturd 16 0.3 1.9 18%
|Commerdd 6.6 2.2 8.8 25%
Indugtridl 10.7 54 161 | 33%
Open Space 17 12 30 42%
|Residential 7.1 16 87 19%
Total 55 2.1 7.7 28%

As seen, PCBs contribute about 1 ppt or lessto the full TEQ in agricultural and open goace soils, but
may contribute about 2-5 ppt in commerad, indudrid or resdentid samples On average across Al
samples, PCBs contribute about 28% of the totd TEQ (summed acrossdl 29 D/F and PCB
congeners).

3.3  Comparison of Bulk to Fine

As noted above, mogt of the samples andlyzed in this Sudy were Seved to isolate the fine
fraction (< 250 um), because it is sugpected that humans are likely to be exposed mainly to partidesin
thisgzerange In mog cases theratio of full TEQ in fine samples compared to the matched bulk
sampleswas about 1.3 to 1 (range = 0.8 to 2.3), indicating that there is an enrichment of dioxinsin the
finepatides Thisisexpected for contaminants that adhere to the surface of particdles, ance the surface
areato massratio increases as partide 9ze decreases. Thus, the results from this sudy may tend to
yidd results somewhat higher than other gudies in which concentrations were meesured only in bulk
samples

34  Contribution of Specific Congeners

The congener compogtion of asoil sample may provide useful information about the source of
the materid, and hepsto reved which specific congeners are contributing the mgority of the TEQ
levdls Appendix B provides a series of grgphs which summarize the rdaive contribution of eech
congener to tota concentration and to TEQ), bath for the full and quantitative anadlyss goproaches. As
shownin Table 4, the primary contributorsto full TEQ vaues are asfallows
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Main DioxingFurans
. 1,2,3,7,8-PeCDD
. 1,2,34,6,7,8-HpCDD

Secondary DioxingFurans

. 2,3,7,8-TCDD

. 2,3,4,7,8-PeCDF

. 1,2,3,6,7,8-HxCDD

Pimary PCBs
. PCB-126

35  Quality Assurance Samples

Quality assurance samples andyzed as part of this Sudy indicate thet the data are rdiable and
accurate.

Method Blanks

Full TEQ vduesfor 15 method blanks averaged 0.5 ppt (range = 0.1-1.7 ppt). Thisindicaesthat there
isno ggnificant source in dioxin or PCB contamination within the laboratory .

Slitsand Duplicates

Thereaults for split and duplicate pairs were generdly in good agreement asshown in Figure 4.
SUmmary datidics are presented below:

Type N |AveaageDdta| Aveage

i (ppY) Ratio
Duplicates 11 6.0 16 |
Slits 12 0.29 14

Blind Performance Evaluation Samples

Andyticd results for the soil gandards (PE samples) obtained from QATS are ummarized
below.
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TEQ (ppt) (PCDD/PCDF Only) (Mean £ Stdev)
Sample .
Bulk Sieved
Nominal M easur ed Nominal M easur ed
Clean Soll <2 -- 1.7 £0.4 (N=21)
Low Standard 35 48 + 3 (N=2) - 64 + 32 (N=8)
Medium Standard 59 75+ 2 (N=3) -- 117 + 5 (N=7)

As seen, measured vaues for bulk PE samples are somewhat higher then but are dill in
reasonable accord with the expected (nomind) vaues For PE samplesthat were Seved before
andyds the messured vaues are aoout twice as high asthe nomind vauesfor the bulk PE samples. As
noted above, thisindicates that dioxins and furans tend to be more concentrated (on amass per unit
meass bags) in fine patides than in bulk soil, aswould be expected for amaterid thet adheresto the
surface of particles, Snce the surface areato mass raio increases as particle Sze decreases.

Laboratory Spikes

Andyticd recovery of congeners from 15 different |aboratory soikes (nomind full TEQ = 252 ppt) was
good, as summearized below:

Saidic Full TEQ (ppt) Recovery
Mean 245 97%
Stdev 9 3%
Min 229 91%
Max 257 102%

40 DISCUSSION
Dependence of Dioxin Levelson Land Use

Assenin Hgure 3and Table 3, full TEQ levdsfor dioxinsand furansin aeasollsare dl
generdly low. However, there are goparent differencesin dioxin leves between severd different types
of landuse. Levdsin commerdd and indudrid aress tend to be somewhat higher than in open gpace
and agricultural aress, uggesting that the sources of dioxinsin these types of soil are morelikely to be
locd then large-area nonHpoint sources. As noted above, levelsin resdentid samplesare amilar to
commerdd leves presumably because the samples are nat from true private resdentid lots but from
governmentd properties a leest Some of which are or may have been used for commerdd-type
adtivities
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The didribution of vauesin each land category were compared usng Kruskd-Wallis one-way
andygsof vaiance (ANOVA) onranks The resultsindicated that differences between land ussswere
datidicdly sgnificant (p <0.001). Pair-wise comparisons usng the Mann-Whitney Rank Sum Test
were parformed to isolate the groups which were different from eech other. The results were asfollows

Satidicd Differences (p < 0.05)
Agricultural | Commercia | Industrial Open Space Residentia

Agricultura

Commercial

Industria

Open Space

Residential

As seen, the land use data sets fall into two groups: open space and agriculturd lands are not datidicaly
different from each other, but are different from the indudtria, commerdd and resdentid data sets
Converdy, theindudrid, commercid and resdentia deta sats are not different from eech other, but are
different from the open gpace and agriculturd datassts. Combining the dataiinto two groups (Open
Soace/Agriculturd, and Commerdd/Indudrid/Resdentid) yidds the following summary detidics

Sdidtic Agricultural and Commercial, Industrial
Open Space and Residential
N o7
Mean 1.7 8.0
Stdev 2.1 13.6
5th 0.2 0.5
25th 0.5 14
50th 0.9 3.0
75th 15 7.6
95th 6.9 31.6

Dependence on Soil Type

As noted above, soil samples were collected a each sampling station without regard to the soil
type at thet location. One attribute of the sail type that might be an important influence on dioxin levelsis
total organic carbon (TOC) snce dioxins srongly adsorb to organic materid. TOC levelsin each
sample are baing measured, but the results are not yet available.
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Comparison to Human-Health Based Guidelines

Although the basic purpose of this sudy wasto characterize the digribution of dioxin samplesin
soils from the Denver front range area (and not to perform a hedith risk evaudtion), it may neverthdess
be of some useto provide a hedth-based frame of reference by which the digtributions may be placed in
context. To thisend, the USEPA has established default soil screening concentration levelsfor dioxins
that are of potentia concern to resdents (USEPA 1998a) and workers (EBASCO 1994), asfallows

Resdents 1,000 ppt TEQ
Workers 5,000 - 20,000 ppt TEQ

Asseenin Table 3and illudraied grgphicdly in Figure 5, none of the samples collected from the grester
Denver front range sudy area gpproach or exceed the leve of concern for ether resdents or workers.

50 SUMMARY AND CONCLUSONS

Thereaults of this sudy provide ardiadle st of dioxin messurementsin avaiey of soll
sampling locationsin and about the Denver front rangearea. Themeen vduefor full TEQ for dioxins
and furans across dl samples was about 5-6 ppt, with individud vaues ranging from lessthan 1 ppt
TEQ up to amaximum of 87 ppt TEQ'. Vdues from open space and agriculturd areas tended to be the
lowest, while vaues from indudtria, commerdd, and resdentid aress induded some higher vaues.
None of the samples collected gpproached or exceeded the leve of hedth concern for @ther resdents
or workers.

1 Two samples were collected which had TEQ values of 142 and 155 ppt, but these were judged
to be outliers that were not representative of typica ambient levels due to non-point sources.
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Tablel Lig of Analytesand TEFs

Class Target Andyte TEF
Mammals Birds Fish
Dibenzo-p-dioxins 2,3,7,8-TCDD 1 1 1
(PCDDs) 1,2,37,8-PeCDD 1 1 1
1,2,3,4,7,8-HXCDD 0.1 0.05 0.5
1,2,3,6,7,8-HXCDD 0.1 0.01 0.01
1,2,37,8.9-HXCDD 0.1 0.1 0.01
1,2,3/4,6,7,8-HpCDD 0.01 < 0.001 0.001
OCDD 0.0001 0.0001 <0.0001
Dibenzofurans 2,3,7,8-TCDF 0.1 1 0.05
(PCDFs) 1,2,3,7,8-PeCDF 0.05 0.1 0.05
2,3,4,7,8-PeCDF 0.5 1 0.5
1,2,3,4,7,8-HxCDF 0.1 0.1 0.1
1,2,3,6,7,8-HxCDF 0.1 0.1 0.1
1,2,3,7,8,9-HXCDF 0.1 0.1 0.1
2,3/4,6,7,8-HxCDF 0.1 0.1 0.1
1,2,3/4,6,7,8-HpCDF 0.01 0.01 0.01
1,2,34,7,8.9-HpCDF 0.01 0.01 0.01
OCDF 0.0001 0.0001 <0.0001
PCBs 3,3,4,4-TCB (77) 0.0001 0.1 0.0005
34,4 5TCB (81) 0.0001 0.05 0.0001
3,3,4,4'-5-PeCB (126) 0.1 0.1 0.005
3,3,4,4'55-HxCB (169) 0.01 0.001 0.00005
2,3,3,4,4-PeCB (105) 0.0001 0.0001 < 0.000005
2,344 5-PeCB (114) 0.0005 0.0001 < 0.000005
2,3,4,4 5-PeCB (118) 0.0001 0.00001 | < 0.000005
2'3,4,4' 5-PeCB (123) 0.0001 0.00001 | < 0.000005
2,3,3,4,4 5-HxB (156) 0.0005 0.0001 < 0.000005
2,3,3,4,4 5-HxCB (157) 0.0005 0.0001 < 0.000005
2,344 55-HxCB (167) 0.00001 0.00001 | < 0.000005
2,3,3,4,4' 55-HpCB (189) 0.0001 0.00001 | < 0.000005

TEF = Toxicity Equivdency Factor
TEF vaues are consensus estimates recommended by WHO (Van den Berg et d. 1998)

Denver Front Rangewpd



Table2. Definition, Application, and Uses of Data Flags

* Usability of DataSets
Validation M eaning of Flags —
Flags for Dioxin Analysesin Soils and Tissues by the MRI Lab Full daaset | Quantitative
Yy by used (semi- | (qualified sub-set
guantitative) used)
Estimated Maximum Potential Concentretion; the relative ion abundance ratios did
E hot mest the acceptance limits. usevelue LEebavalle
D EMPC is caused by polychlorinated Diphenyl ether interference. use2vaue don't use
B sondytergiagndetectedm associated Method Blank, sample concentration <5x MB Usevalue T e
Concentration is above upper Cdibration Standard; result isan estimate, flagged C
c by lab and J added by validator. usevalue usevalue
I Recovery of 13C-labeled |sotopic analyteoutside of criteria usevaue usevaue
Edtimated: eg., isotopic sandard is outside CCAL range, native andyte recovery
J n LCSisoutsde criteria, etc. ussvalue L ovdie
Presumptive evidence for the presence of an analyte with an estimated vaue; if ,
NJ Lised for 2378-TCDF, see“U” below. SRR derilEE
S de( is Saturated; result, if caculated, isflagged by the vdidator as an esimate - Usevalue Usevalle
Unconfirmed: column is not specific for 2,3,7,8-TCDF; confirmation not 2
U Fequested. Vdidator now uses“NJ’ flag. usevalue usevzvalue
R Rejected: result isinvalid and not usable. use %2 EDL don’t use
use of MRI Laboratory’sreported “LT” (lessthan) values<M QL (10 x Signal:Noise)
LT éjL-E;ii'f\ant ajrlli“églgi”,tt)hti.t:f aLT resultisa“detect” abovetheMDL (2.5 x UsevalLe oAl
applied firgt [P NOET )
to data, then . . .
! ‘LT” isnot atrue“flag”, but if aL T resultisa“non-detect” below the M DL ]
apply flags! 25 x Signal:Noise = l2b EDL), then use¥2EDL don't use

* Per conceptsin the 1992 EPA Data Usahility for Risk Assessment in Superfund guidance, the above flags are to be used for
producing two data-sets: 1) a“Full” set of semi-quantitative resultswith an actual or proxy valuefor each of the 29 measured
congeners; and 2) a“Quantitative” partid set of results with more certain identification and more accurate quantities of
congenerswhich have no disqualifying flags (D, JN, R or LT) or uselimited proxies(E, B, J or U). Thisdigtinction ismade
to better understand and limit the artifactual impacts of the less certain estimated values on TEQs, analyzing this sensitivity by
comparing TEQs from these two data-sets and eva uating congener profiles with only the analytes that are able to be quantitated.

Source: EPA R8 Soil and RMA Tissue Studies of Dioxins, 2000, ref. RMA/EAL SOP 803
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Table3. Summary Statigicsfor Full TEQ Levesin Surface Soil Samples
in the Denver Front Range Area?

Pand A: All Data®

Satigic
Land Use N Mean | Stdev Min Max
Agriculturd 27 16 18 0.1 1.7
Commercid 30 11.0 27.2 04 141.9
Indugtrid 30 10.7 18.3 0.2 86.7
Open Space 36 17 2.3 0.1 9.6
|[Resdentia 39 10.9 25.8 0.2 155.2
Tota 162 7.3 19.3 0.1 155.2

a Vaues above are only for samples for which there was sufficient mass to prepare and
analyze the fine fraction. Results for 3 samples which only the bulk samples was anayzed

are asfollows:
Open space N=1 25
Industrial N=1 3.7
Residential N=1 5.6
Panel B: Two Oultliers Excluded
Saidic
Land Use N Mean | Stdev Min Max
Agriculturd 27 1.6 1.8 0.1 7.7
Commercid ° 29 6.6 115 0.4 57.9
Industria 30 10.7 18.3 0.2 86.7
Open Space 36 1.7 2.3 0.1 9.6
[Residentia © 38 7.1 10.3 0.2 42.9
Total 160 55 11.1 0.1 86.7

b Statistics exclude one data point from the commercia data set and one data point from the
residential data set that are judged to be outliers

All values are expressed in units of TCDD-Equivalents (TEQ), based on the results for 17
PCDDs and PCDFs (see Table 1). The TEQ was calculated based on the mammalian
TEF values shown in Table 1 aong with the full concentrations of each congener.
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Table4. Rdative Contribution of Congenersto Full TEQ

Mean Contribution to Full TEQ
Analyte Agricultural Commerdid Indugtrial Open Space Residentid All
2,3,7,8-TCDF 1.2% 0.8% 0.7% 17% 0.8% 1.1%
2,3,7,8-TCDD 4.3% 9.6% 3.6% 4.2% 6.8% 57%
1,2,3,7,8-PeCDF 0.6% 0.6% 0.4% 0.6% 0.6% 0.6%
2,3,4,7,8-PeCDF 12.4% 7.8% 8.6% 9.1% 8.3% 9.1%
1,2,3,7,8-PeCDD 19.6% 19.0% 16.0% 20.5% 18.0% 18.6%
1,2,3,4,7,8-HXCDF 2.7% 2.2% 2.1% 2.1% 2.1% 2.2%
1,2,3,6,7,8-HXCDF 3.3% 25% 2.4% 31% 1.9% 2.6%
2,3,4,6,7,8-HxCDF 3.8% 2.7% 2.8% 3.0% 3.0% 3.0%
1,2,3,7,89-HXCDF 4.7% 1.9% 1.8% 4.6% 2.0% 3.0%
1,2,3,4,7,8-HXCDD 32% 2.8% 3.0% 3.3% 2.9% 3.0%
1,2,3,6,7,8-HXCDD 51% 5.8% 54% 4.8% 6.2% 55%
1,2,3,7,8,9-HXCDD 37% 3.8% 3.9% 3.6% 3.9% 3.8%
1,2,3,4,6,7,8-HpCDF 2.2% 2.7% 2.6% 1.5% 2.9% 2.4%
1,2,3,4,7,8,9-HpCDF 0.3% 0.6% 0.2% 0.2% 0.3% 0.3%
1,2,3,4,6,7,8-HpCDD 12.1% 15.6% 15.7% 11.4% 16.6% 14.3%
OCDF 0.1% 0.1% 0.1% 0.1% 0.1% 0.1%
OCDD 0.9% 11% 2.4% 0.8% 1.2% 1.3%
PCB-81 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
PCB-77 0.1% 0.1% 0.1% 0.1% 0.1% 0.1%
PCB-123 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
PCB-118 1.0% 1.3% 14% 1.3% 1.4% 1.3%
PCB-114 0.1% 0.2% 0.1% 0.2% 0.1% 0.1%
PCB-105 0.5% 0.6% 0.7% 0.7% 0.7% 0.6%
PCB-126 16.8% 16.4% 23.4% 21.4% 18.2% 19.3%
PCB-167 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
PCB-156 0.9% 1.3% 15% 1.2% 1.3% 1.3%
PCB-157 0.2% 0.3% 0.4% 0.3% 0.4% 0.3%
PCB-169 0.3% 0.2% 0.2% 0.4% 0.2% 0.3%
PCB-189 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Dioxing/Furans 80.0% 79.5% 72.0% 74.3% 71.4% 76.5%
PCBs 20.0% 20.5% 28.0% 25.7% 22.6% 235%
All 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

Congeners which contribute 5% or more to the average total TEQ have been shaded

Denver Front Rangewpd

20



Figurel. Reported Dioxin Concentrationsin USA Background Soils

Figure 1. Reported Dioxin Concentrations in USA Background Soils*
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Figure3. Didribution of Dioxin Leves (Full) in Denver Front Range Soils
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TEQ values are based on 17 dioxin and furan congeners (not including PCBs), and are calculated
using Y2 the detection limit for congeners that were reported to be below the detection limit.
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Figure4. Comparison of Duplicate and Split Results
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Figure5. Soil Levds Compared to Health Criteria
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